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EXPLANATION
SCALE 1:125000 v 3 , ol6 CHEMICAL ANALYSES
R.9W 2 o 2 4 6 8 _10 MILES \ ,, = B _M = TTitle = Well, number is %MMMMWMMMQ. in feet below Chemical m:wwﬂm.mﬂmm wmﬁe M_Mmmcnwﬁﬁw%rm sanitary
\ { e ——— TS - S |
2 o 2 4 6 8 10 KILOMETERS {7 Qo<me/u\r}/ . 0102
= = = == / Test boring, number is depth to bedrock, in feet 700 W_m CI+F+NO 14
DATUM IS MEAN SEA LEVEL 3 W C below land surface & oo Na+k B B e
T.43 N. 1968 MAGNETIC DECLINATION FROM TRUE NORTH FOR THIS SHEET VARIES FROM CENTER OF THE EAST EDGE 15/ v i ——  —Na o
\ 6" EASTERLY FOR THE CENTER OF THE WEST EDGE TO 5° EASTERLY FOR THE CENTER OF THE EAST EDGE ~ ! XHOH 5 600 — N 12
: Seismic sounding, number is depth to bedrock, in feet & o~
3 \ \ below land surf. & : -
D A J) elow land surface - Mg r
T.43 N. e N\ 4/ 530 = 500 : 105
R.10 W. 92°00 [ 3 Piezometric Contour & o x
N / N / Shows altitude to which water would have risem in m e oS °7 &
N ; i = 400 8— o
S . \ wells in December 1966. Contour interval 10 feet g : L
R . 12-7-66 z 350 —Ca : 78
INTRODUCTION bedrock surface. Based on available test-hole data the maxi- eight other observation wells shown on the four geologic ¢ T T T T TTTm T GROUND-WATER USE CHEMICAL QUALITY OF GROUND WATER Jeffriesbur — teser o Iy ~| HCO4 Mk
The sand and gravel underlying the Missouri River flood mum thickness of alluvium in this reach is about 120 feet. sections. As would be expected, the water levels in wells 1= - Ground water withdrawal from the alluvium bordering this Water in alluvial deposits in this reach of the Missouri R.2W | )’ Water level profiles for date given m - 4 > 5 3
lain between St. Charles and Jefferson City, Mo. contain an Average thickness one-half mile from the valley wall is about closest to the river exhibit the greatest range in fluctuation. reach of the Missouri River represents only a small fraction River is predominantly a calcium bicarbonate type with signi- Shown in sections only S . Ca [k o
B ¥ g " a0 . . 2 - T . . . i @ 20 - 42
abundant amount of water, which for the most part is unused. 100 feet. The average saturated thickness is about 80 feet. Aquifer Characteristics.—An aquifer test was made in of the water available to wells. The only areas where ground ficant amounts of magnesium and sulfate. The water is - 3 > 13
At present (1967) there are no municipal well fields in the Lithologic character and thickness of the alluvium are March 1967 using one of the wells in the Weldon Springs 3 - > water mm. used for other ?m.: rural household or stock water- characterized by a high hardness and iron content and a vari- A\ @ 150 X 3
area. The only large capacity wells in use are a few industrial shown on the map by strip logs and geologic sections. Ordnance well field (see map of pumping test site). The well " | ing are in western St. Louis Oos.ﬁw. m:m. a small area in St. able dissolved-solids content. Areal variations in the chemical Suitability of Water for Irrigation.—Rainfall is generally Catawissal/ Boundary between alluvium and bedrock m 100 o 2
and irrigation wells in the flood plain areas of St. Charles and GROUND-WATER HYDROLOGY was pumped for 47 hours at a rate of 2,650 gpm and water- Charles County near Weldon Springs. It is reported that less characteristics and dissolved-solids content are shown graph- sufficient to maintain crop growth so irrigation is not widely 1 < 5 ’ 14
St. Louis Counties, and an irrigation well on the penal farm Bk Disch ; d0 G 4 W level drawdowns were measured in observation wells 244 feet, J 5 7 than ‘mo.ooo gpd is being éaggés.m&oa .ﬂrm Weldon m.vz.smm ically by bar diagrams on the map. Selected chemical analyses, practiced in this reach of the Missouri River valley. During e e d LY e — : % ] Al
near Jefferson City in Callaway County. Some of the indus- G L %ém. . :N. nmm .. %Hn e ﬂe:: : agﬂwl 261 feet, 484 feet, and 502 feet from the pumping well. Re- 6 - | well field. The amount of water being withdrawn for irriga- along with the maximum, median, and minimum values, based periods when rainfall is not sufficient to maintain the desired SELECTED wmmmwmfomww RAE. R.2E. L - = .
ial wells i harl un re capable of yieldin e Smﬁ.ou BVEEER e B0 wite OEgnE the APCIERES vk sults of the test show the coefficients of transmissibility and tion from the alluvium in western St. Louis County is approx- on all of the available analyses, and the U.S. Public Health soil moisture, water from the alluvial deposits could be used IR == e Hardness is the sum of calcium and magnesium
trial wells in St. Charles oﬁw L P y g as tween individual sand and gravel particles making up the - : . s P s o Silt cal g :
much as 3,000 gpm (gallons per minute). This does not mean Huviam, S iy S g p from di by storage of the aquifer in the vicinity of the test are about b 7 1 imately 200,000 gpd during the irrigation season. Water-level Service drinking water standards recommended maximum as a supplementary supply. According to classifications de- Bentall, Ray, 1963a, Methods of determining permeability, . ek T
large capacity wells can be developed at random anywhere in w :MEE. oms =8 | Hﬁm wa M.n o&nwomr.uos :Uoom% msmﬁﬂpow 270,000 gpd per foot (gallons per day per foot) and 0.2 respec- 5 B i M_mmwcwaaoﬂam made in Mm.o:m in the Ms.mw Em_awem that pumping limit for potable water, are shown in the table of analyses. veloped by the U.S. Salinity Laboratory (1954) water from the transmissibility and drawdown: U.S. Geol. Survey Water- T oo wwwmﬂ%ﬁ_mrsm B Mmmawwﬁwmmﬁw onifin
the valley. However, geologic logs of test holes bored in the y méuﬂa M. %m i M .umwsm. .wmo.E _y ¢ % umww %: tively. The average permeability is about 3,000 gpd per = . i [cting. (oMol SUNGRE Ol (B RBuGtE: Swuitability for Domestic, Municipal, and Industrial Use.— alluvium has a low sodium hazard and a medium to high sal- Supply Paper 1536-1, p. muw-wﬁ. ) . i | Sand conductance. -
sigliiity of Bt Chaties, Aulsassa, Washisgton and Hormasn oﬁw._ _mu 00 Mzm or wzm%smﬁ ﬁm um:&. mm age. S s ﬂw square foot. The values obtained from the test were used to A 7 GROUND-WATER POTENTIAL AND INDUCED Water from the alluvium is used for domestic and irrigation inity hazard (see diagram). Corn, soybeans, and alfalfa are — 1963b, Shortcuts and special problems in aquifer tests: g i zﬂwﬂ“n at bottom of bar indicates well referredto in
indicate large capacity wells may be feasible in these areas. mBmm [ e B TR T e e T e construct the graph which shows the amount of drawdown at S 10 - . RECHARGE ) supplies and has been used for industrial purposes (Weldon the principal crops grown in this area and water of the above c.m Geol. Survey Water-Supply Paper Hm&..o, 17p. 50 —| r2
There undoubtedly are many other areas in this reach of the ma%w._mwm. E dwatior Bl J ¢ h various distances from a pumping well that will be caused by m o 7=270,000 gpd/ft_| It was not possible to measure the water level in as.m w:Bwom Springs Ordnance). In evaluating the suitability of water for classification would be suitable for supplemental irrigation of Ferris, J. G. and others, 1962, Theory of aquifer tests: U.S. 1 e Ammwm.wmwﬂm.uﬂw“ﬁs <
valley where the thickness and permeability of the saturated R SRk | v ol e Bt a steady pumping rate of 2,000 gpm if there is no recharge. 5=0.2 well during the aquifer test at the Weldon Springs site; d ti d iy % e 5 i these crops on almost all soils. Geol. Survey Water-Supply Paper 1536-E, p. 69-174. .
> alluvium into the Missouri River when river stage is low. ; . ; =0 e : t b ted omestic and municipal uses, the concentrations of iron, Fuller, D. L., 1962, Groundwater quality map of deep aquifers i !
d and gravel could support large capacity (1,000 to 3,000 . - s For instance, the drawdown 100 feet from a well pumping el _ = therefore the exact specific capacity cannot be computed. fluoride, dissolved solid d the hard £ th tier, L. L., ) q y map P aq :
Sand and gravel co ppo ge capacity (1, ) Other discharge may be attributed to evapotranspiration ©=2000 gpm ! : . manganese, fluoride, dissolved solids, and the hardness of the . 5 : . . Al
; p ) 2,000 gpm continuously for 10 days will be about 5.1 feet. However, a very conservative estimate can be made knowing . s e in Missouri, tn Groundwater maps of Missouri, 1963: Mis- Sand and gravel
gpm) wells. downward movement of water into the bedrock. and pumpi ) gp ¥ ¥ 13 _ h : . water are important characteristics. A high iron and manga- = T e L _ T : +“ (equal amounts)
Purpose and Scope.—The purpose of this hydrologic atlas is ¢ 1 et e i Such high yield wells should be placed at least 1,000 feet the setting of the pump bowls, the discharge, static water nese content is objectionable because it imparts an unpleasant eﬂm < ¥ i soust el Glarvey il Yater Rosourcss, 1 *
: : rom welis. ! ) ; apart to lessen the affect of interference between wells. If 14 | : level, and the fact the well did not go dry. Using these fig- d also stains fabri d lai d enamel fix- s Howe, .<<. w...oooa_smﬁoﬁ and Koenig,J. W,, ed., 1961, The 100 — g
to describe the thickness, areal extent, and lithology of the Ground water in the alluvial aquifer occurs under water s . . ) . . ¢ A taste and also stains fabrics, and porcelain and enamel fix 28 L - trat b s A M . Mi . Geol. S
. . . . T : 4 - - this is impractical then more wells with smaller discharge % i ures specific capacity would be about 65 gpm per foot. A 1 £ flaseide s desieable heeauss it EXPLANATION stratigraphic succession in Missouri: Missouri Geol. Survey g
alluvial deposits along the Missouri River between Jefferson table (unconfined) and artesian (confined) conditions. These ! 15 i ith tures. A small amount of fluoride TR ke d Water R 2d 40, 185
City and St. Charles, Mo., and to provide information on the o ] - . rates should be used. Pumping at a rate less than developed group of 100 such wells spaced so as not to interfere wit riodhnaon: il Aot stios of teotlh Haniy; Bib cxine SO ” W _ and Water Resources, 2d ser., v. 40, 185 p.
i e ; . conditions vary geographically and in time. In many instances : : 16 - > each other would yield about 874 mgd (million gallons per . ° X = Water from wells Johnson, Edward E., Inc., 1966, Ground water and wells: St.
occurrence, availability, use, and chemical quality of the water capacity may also prolong the life of the well. y cause mottling of the tooth enamel. Hardness of water is Do : CHEMICAL ANALYSES OF WATER FROM SELECTED WELLS
. ] g confinement is marginal; that is, the water level is at or near day) or about 580 cfs (cubic feet per second). e : . - T 24 =| Paul, Minnesota, Edward E. Johnson, Inc., 440 p.
contained in the alluvial aquifer. e 17 - : 5, caused principally by the calecium and magnesium salts in the ! A 2y Milligrams per liter
: xi . the base of the confining layer. In these areas the water The old Weldon Springs Ordnance well field is an example : . ; : : Knight, R. D., 1962, Groundwater areas in Missouri, #n Ground-
Cooperation and Acknowledgments.—This investigation was level may be above the base of the confining layer during wet 18 L1 = of the tremendous ground water potential of the Missouri wajier. & IS0 il & GGG @ mt (o donas 22 - - water maps of Missouri, 1963: Missouri Geol. Survey and ~ Hard 85
3 . . . 5 - . . s 7 2, ’ = g 2 ardness 9
done in cooperation with the Missouri Geological Survey and seasons and below the b f th fining 1 i ' DISTANCE FROM WELL, IN FEET o i Huvi According to Searcy, Baker, and Durum i Uik I ot s e e - e - Water Resources. g = - = g 0O as CaCOy § 83
= ! e the base of the confining layer during dry River alluvium. Acco g to VS ) le £ t hot waiar b al e 1 UL g . : : O 2 35
Water Resources, Dr. William C. Hayes, Director and State seasons. Consequently, in referring to the map, reference will Graph showing drawdown at various distances after various periods (1952, p. 48) this well field, which consisted of 13 large capa- .nmzmww Mowrm oﬂam._ow .Mz d RS N R e g /m T | McCracken, Mary H., and others, compilers, 1961, Geologic map - € 5 g 2. g - < g = > s | 2% 8 E £ £3
me_o.m_wﬁ. ewm assistance Mum Emowsmﬁoz E.ow _mmn vw ﬂm be made to the piezometric surface (the surface to which W.Msm Mﬁﬂw%.mqmﬁh\.mm“m“ Mmﬁwwms wswawﬁwwwahwsggsi o city wells in a 344 acre tract, supplied water from the Missouri EN Mw.B mMMMN mh.m_mgm_ M_m.xmaza T A—— S E s i of Missouri: Missouri Geol. Survey and Water Resources. 2 3 3 E 5 _ @ S g 2 2 g 2 g & M .mm g g g .mm 58
staff is great ==.% acknowledged. The authors also thank the water in the aquifer will rise under its full head) rather than »S= ge, Q = ge. River alluvium at a rate of more than 44 mgd, or about 68 : .ﬂw i foiin .e 8 J .ﬁ = o 18 Robertson, C. E., 1962, Water well yield map of Missouri, ¢n m ¢ b g @ e £ g .m = 2 § M g 2 P g 59 .m 2 = £ 28
many residents in the area and the representatives of other 40 S5 (g (s i e 56 i o mesto die Uindsabodlly Shase-wells sl the Winsons Hiviar i values wi e recommended limits for some constituents SEHNEE 4 Ground water maps of Missouri, 1963: Missouri Geol. Sur- = =) 3 g 8 = : 5 W m m 8 & nm § g A% | 58 £ £ m mm 8
wﬂMnM and Federal agencies who provided information and Movement of Ground Water.—Arrows drawn at right WELL SCREEN ENCRUSTATION duced recharge from the river when heavily pumped. “This (see gw_mv mWo«Mmﬂwwma the mBo%s%mnm. Ieel) E.wm MN:NNMMMM == & . vey and Water Resources. B 3 a & 2 5 s 8 S a e & g 5 £ Z RE | 8= Z & 3 HE 2| 8
assistance. : . . e e iy e " . - : : : generally exceed the recommende ximum limit for < 141 = P
angles to the piezometric contours and pointed in direction of The precipitation of calcium and iron carbonates probably principle of locating large capacity wells in permeable mater- ) . > s 2 Rorabaugh, M. §., 1963, Streambed percolation in development Py
GEOLOGIC SETTING decreasing altitude would show the direction of movement of is the major cause of well screen encrustation problems in the ial near large streams and inducing infiltration from the constituents. The maximum amounts of sulfate, chloride, - o il of water supplies, in Bentall, Ray, 1963, Methods of collect- i = e T g2 0 e v .9 - - : & o 5 o T 4 ko .
Bedrock.—The steep bluffs which border the Missouri River the ground water. At this particular time (December 1966) area. Where well screen encrustation is a problem, it is likely stream has been used successfully at many places and has fluoride, and nitrate are well below the maximum or optimum 3 2 ing and interpreting ground-water data: U.S. Geol. Survey 3 46 2-3-67 5 26 28 27 172 38 11 53 662 55 24 2 0 641 58 42 39 2 1020 71 0
flood plain are composed predominantly of dolomite with the Missouri River was acting as a drain throughout most of its that the drop in pressure which occurs around the well screen been particularly successful in the Ohio River Valley” (Searcy _Szuam .HS. these constituents. p S 10 | Water-Supply Paper 1544-H, p. 47-62. m Mw muwumw W wm w.m .mw Wm ww wm.m wm wmw Hw o ww .w .w %w %m w Hw.m w wmw wm w
lesser amounts of limestone and sandstone. Rocks of the length, except in the vicinities of Labadie and St. Charles. At during pumping causes some carbon dioxide to leave solution, and others, 1952, p. 43). Similar large yields could undoubt- Limits have not been established for hardness of water but / Searcy, J. K., Baker, R. C., and Durum, W. H., 1952, Water re- e Ll 6 46 2-2-67 15 28 26 52 120 2 46 50 4% 22 10 4 0 452 403 0 24 1 44 16 5
same type also underlie the alluvium and form the bedrock other times, such as during periods of prolonged high river thus permitting some carbonates to precipitate. The accumu- edly be obtained elsewhere in the Missouri River valley by according to the U.S. Geological Survey classification, water 8- / sources of the St. Louis area, Missouri and Illinois: U.S. Geol. m mw HW-W-MM Hl.» mm Wo p.mo wa Mm Wm m.w wmm qq.m AM.» w :.o Mww mw_w mw M.H .w r,wmw w:m w
surface. Areal distribution of these rocks is shown on the stage, the direction of movement may be reversed, at least in lation of these precipitates eventually lessens the well yield. inducing recharge from the river. having a hardness of _om.m than 60 mg/1 (milligrams per liter) " L b Survey Cire. 216, 55 p. 9 51 2-2-67 16 23 32 61 152 39 94 82 570 9% 22 2 1 651 540 72 3.6 2 1,030 7.1 2
geologic map of Missouri (McCracken, and others, 1961). A the area close to the river. The relation of the water level in Pumped well Although well encrustation cannot be completely eliminated Rorabaugh (1963, p. 52, 55-56) cites several advantages of is rated as soft and is suitable for most purposes; hardness HE / Todd, D. K., 1959, Annotated bibliography on artificial re- 10 56 2-2-67 16 30 2.7 52 101 26 6.4 5.8 400 59 1.6 %5 0 433 359 31 3.7 1 690 73 4
description of each formation can be found in Howe and the aquifer to river stage is shown by the water level profiles & its effects can be delayed or minimized by controlling the a water supply developed through streambed percolation over ranging H.H.A.VB 61 to 120 mg/1 is considered moderate, but it ik | charge of ground water through 1954: U.S. Geol. Survey m Mm WHWHMM ww wm wumm m..w.q wa MM mw.m m“w www wm mum Hw Hw.o wwm %w Aw wum m H.mww x m
Koenig (1961). Well yield and quality of water from bedrock drawn on the geologic sections. Observation well methods of well operation. Since the decrease in pressure as a supply directly from the stream. The chief advantages are does not seriously interfere with the use of water except in high / Water-Supply Paper 1477, 115 p.
formations in Missouri are shown on maps by Robertson Water Level Fluctuations.—The Missouri Geological Survey N water moves into the well is indirectly the principal cause of a more nearly uniform chemical quality, a temperature range pressure boilers and in some industrial processes; hardness rang- 2 . Turcan, A. N,, Jr., and Meyer, R. R., 1962, Alluvial aquifer in Maximum for area 18 32 52 44 2 46 38 82 856 117 46 5 13 794 820 239 = i 1280 179 6
(1962), Fuller (1962), and Knight (1962). and Water Resources has maintained a continuous water-level encrustation, well operating practices which cause the least less than that of a stream, and the apparent removal or dilu- ing from121t0180 mg/1 is hard, and, in the upper ranges, the o Ll pushmBee o Northeastern Louisiana—a large source of water: U.S. Geol. Median for area = o w.ma o L % + ww w.ww = m.m .w W wwm mmm ww — - mwM Mw w
UM, — i i i i i i i i i i tion of most objectionable odors and tastes. Rorabaugh (1963 water could be softened profitably for some uses; water having a Survey Water-Supply Paper 1619-V, 28 p. Mistigem for Sren K 15 2 L = 2 £a : 4 : ; - -
Alluvium.—The river responsible for carving the Missouri recorder on a well in the Jefferson City area since 1956. Its pressure drop will delay the rate of encrustant accumulation. J i gh (1909, . ‘ ; i o 100 250 750 2250 ! ply Fap V. a5 b »
valley has also partially filled this trough with alluvium con- location is shown as the middle well on the Jefferson City These practices are (1) developing the well to its maximum p. 51) further states the planning of a water supply that is to hardness inexcess of 180 mg/1 is very hard and usually is soft- S SPECIFIC CONDUCTANCE, IN MICROMHOS AT 25°C U.S. Public Health Service, 1962, Drinking water standards: Recommended __J_a drinking . )
et i i : / ; : i ing i i be dependent on induced percolation through a streambed ened before being used. The minimum value for hardness of 4 U.S. Public Health Service pub. 956, 61 p. b e -y 48 e - o = I - & 240 Li 5 468 - - 2 - = ~
sisting of sand, gravel, silt, and clay. In general, the lower geologic section (D-D’). The maximum range in water-level 1000 2000 3000 FEET capacity then pumping it at a rate somewhat less than its ep y p e € : g used ¢ 1 2 3 4 ut p Al .
part of the alluvium is made up of coarse sand and gravel, fluctuation in this well between 1956 and 1966, was 11 feet Ll _ ! developed capacity (2) by reducing the pumping rate and umaEwm.w extensive wuoi_mmm.m of not only the w%&o_o.mm‘ of water in this area indicates that the 4@8& is very rm&. and e Meailim High Very high U.S. Salinity ﬁmwowmﬁog m.ﬁmm.m. 1954, Uﬂmmzomwm.msm improve- ! Public Health Service Drinking Water Standards, revised 1962.
while the upper part is composed of fine sand, silt, or clay. and was due to changes in river stage and variations in pre- L, = pumping more continuously or, (3) increasing the number of the basin, but also the geologic and ground-water conditions softening of the water would be desirable for domestic or PR ——— ment of saline and alkali soils: U.S. Dept. Agriculture, Agri- .} Varies with the annul average of maimam duly airtemperatires and ranges et o

Thickness of the alluvium is controlled by irregularities in the

cipitation. Periodic water-level measurements are made in

hw‘am,&. ﬁﬁwss?.g test site

wells pumped and pumping them at a lower rate.

in the vicinity of the proposed installation.

municipal use

Diagram showing classification of water for irrigation use

culture Handbook no. 60, 160 p.
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